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(54) A POWERED VEHICLE INCLUDING A SPRING-APPLIED HYDRAULIC RELEASE (SAHR)

BRAKE

(67)  Apowered vehicle (10) includes a power source
for generating energy to power the vehicle; a spring-ap-
plied hydraulic release (SAHR) vehicle brake (11) com-
prising first (12) and second (13) mutually engageable
brake elements. The first brake element (12) is secured
to or forms part of a rotatable element of the drive train
of the vehicle (10) and the second (13) is non-rotatably
moveably mounted on the vehicle such that the first and
second elements (12,13) are mutually engageable with
and separable from one another.

Mutual engagement of the brake elements (12,13)
causes braking of rotation of the rotatable element, and
the SAHR vehicle brake (11) includes (i) a resiliently de-
formable member (19) acting on the second brake ele-
ment (13) so as to urge the first and second brake ele-
ments (12,13) into mutual engagement and (i) a

non-electric control circuit for applying pressure to the
second brake element (13) so as to oppose the action of
the resiliently deformable member (19) and thereby nor-
mally maintain the first and second brake elements sep-
arated from one another. The vehicle (10) includes an
energy convertor (28) for generating energy in the control
circuit in proportion to the speed of the vehicle and/or the
energy generated by the power source, the energy con-
vertor (28) energising the control circuit while the speed
of the vehicle and/or the energy generated by the power
source exceeds a threshold and de energising the control
circuit to permit mutual engagement of the first (12) and
second (13) elements under the influence of the resilient-
ly deformable (19) member when the speed of the vehicle
and/or the energy generated by the power source is less
than the threshold.
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Description

[0001] The invention relates to a powered land vehicle
including at least one spring-applied hydraulic release
(SAHR) vehicle brake.

[0002] In such a brake first and second brake ele-
ments, mounted respectively on a rotatable part of the
drive train of the vehicle such as a rotatable wheel on the
one hand and on a non-rotatable part such as a suspen-
sion component or the vehicle frame on the other are
moveable between mutually engaged and separated
configurations.

[0003] In the separated configuration the rotatable
component is free to rotate, thereby permitting the trans-
mission of drive from e.g. a diesel engine forming part of
the vehicle to a ground-engaging member such as a
wheel including a tyre. In the mutually engaged configu-
ration the second element brakes rotation of the rotatable
component supporting the first brake element with the
result that the transmission of drive is prevented and
therefore the vehicle as a whole is braked.

[0004] In almost all cases the second brake element
is moveable towards and away from the first brake ele-
ment. Aresiliently deformable spring such as a coil spring
acts on the second brake element or on a member con-
nected thereto in order to bias it into engagement with
the first brake element.

[0005] The second brake element includes or is con-
nected to a piston in a chamber having a connection to
a hydraulic control circuit that is capable of applying pres-
sure to the piston and hence indirectly to the second
brake element itself. The hydraulic control circuit is se-
lectively capable of being energised in order to assure
separation of the first and second brake elements under
normal circumstances. As a result the rotatable element
is maintained able to rotate most of the time.

[0006] When the vehicle operator selects the brake
function however control elements connected to the hy-
draulic control circuit cause venting of the fluid pressure
acting on the piston. This in turn permits the resiliently
deformable spring to urge the second brake element into
engagement with the first, whereby application of the SA-
HR brake occurs in order to brake the vehicle regardless
of the output of the engine or operative status of a vari-
able-ratio transmission forming part of the drive train of
the vehicle.

[0007] Thus the SAHR vehicle brake serves primarily
as a park brake that is intended reliably to brake the ve-
hicle when it is stationary, regardless of whether the en-
gine of the vehicle is running. The design of the SAHR
brake lends itself to this use because the presence of the
resiliently deformable spring maintains the vehicle in a
braked condition even when the engine is switched off.
[0008] SAHRvehiclebrakes typically are fitted in large,
powered land vehicles such as tractors, combine har-
vesters, forage harvesters and other harvesting ma-
chines, excavators, bulldozers, utility vehicles such as
farm loaders and multipurpose farm vehicles, mobile
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cranes, and similar vehicles that while designed to per-
form specialised tasks usually in off-road situations none-
theless are intended to travel on roads between work
sites. SAHR vehicle brakes are required in such vehicles
to provide for operator and third party safety in both on-
road and off-road situations. The invention is of utility in
all vehicles of the general kind listed above, together with
numerous further vehicle types.

[0009] As indicated the braking systems of large vehi-
cles of the general category indicated typically are elec-
trohydraulic and therefore consist of braking elements
the mutual engagement and separation of which is under
the control of one or more hydraulic circuits. The hydraulic
circuits include circuit components such as valves the
operating states of which are alterable between two or
more configurations through the action of electrically
powered elements such as solenoids that move move-
able parts of the valves from one position to another.
[0010] SAHR vehicle brakes by reason of the perma-
nent tendency of the spring to urge the brake elements
into engagement include failure safety in their designs.
A drawback of this however is that in the event of a sud-
den failure of the electrical system forming part of the
electrohydraulic braking arrangement the SAHR brake
can be applied very rapidly and without warning. If such
a scenario arises while the vehicle is moving it can lead
to vehicle accidents that in view of the large sizes of the
vehicles in which SAHR vehicle brakes are installed have
the potential to be very serious.

[0011] Thus there is a need for failure safety in SAHR
vehicle brakes such that in the event of e.g. an electrical
failure involving the control elements of the electrohy-
draulic circuit while the vehicle is moving (or while the
vehicle is moving at a speed that is greater than a thresh-
old level) the brake does not automatically apply as out-
lined above.

[0012] There is a further need that a vehicle operator
should remain capable of applying the SAHR in order to
meet a park braking requirement at zero or a chosen low
vehicle speed even if there has been an electrical failure
involving the control elements of the circuit.

[0013] Itis furthermore desirable for the SAHR brake
to be operable even when the vehicle ignition is switched
off; and for the SAHR brake under non-fault conditions
to be capable of automatically releasing when the vehicle
starts to move following a period of non-movement.
When the SAHR brake is applied in a stationary vehi-
cle/parking situation the braking effort should be suffi-
cient to assure non-movement of the vehicle at least on
an incline the gradient of which is less than a predeter-
mined threshold.

[0014] Yeta further requirement in the artis for an SA-
HR brake that can be applied safely, i.e. progressively
under operator control, and not suddenly, in an emer-
gency braking situation.

[0015] According to the invention in afirst aspect there
is provided a powered vehicle including a power source
for generating energy to power the vehicle; a spring-ap-
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plied hydraulic release (SAHR) vehicle brake comprising
first and second mutually engageable brake elements
the first of which is secured to or forms part of a rotatable
element of the drive train of the vehicle and the second
of which is non-rotatably moveably mounted on the ve-
hicle such that the first and second elements are mutually
engageable with and separable from one another, mutual
engagement of the brake elements causing braking of
rotation of the rotatable element, the SAHR vehicle brake
including (i) a resiliently deformable member acting on
the second brake element so as to urge the first and
second brake elements into mutual engagement and (ii)
a non-electric control circuit for applying pressure to the
second brake element so as to oppose the action of the
resiliently deformable member and thereby normally
maintain the first and second brake elements separated
from one another, characterised in that the vehicle in-
cludes an energy convertor for generating energy in the
control circuit in proportion to the speed of the vehicle
and/or the energy generated by the power source, the
energy convertor energising the control circuit while the
speed of the vehicle and/or the energy generated by the
power source exceeds a threshold and de energising the
control circuit to permit mutual engagement of the first
and second elements under the influence of the resiliently
deformable member when the speed of the vehicle
and/or the energy generated by the power source is less
than the threshold.

[0016] Such an arrangement advantageously accom-
modates the requirement, set out above, to prevent un-
wanted actuation of the SAHR brake while the vehicle is
in motion at a speed greater than the threshold. As long
as the threshold speed is established at a sufficiently low
value this assures that SAHR brake-derived accidents
do not occur.

[0017] By "non-electric" as used hereinis meant a con-
trol circuit or control element that does not require the
application of electrical power in order to effect a required
control action. This does not necessarily mean that the
parts of the control circuit do not contain electrically ac-
tuated elements. Rather, the characteristic of such a con-
trol circuit is that a preferred or chosen control action is
performed without the involvement of electrical energy.
[0018] References herein to the "drive train" of the ve-
hicle may include non-driven axles or wheels, such as
the steerable front wheels of a four-wheeled, rear wheel
drive vehicle.

[0019] Preferably in embodiments of the invention the
control circuit is a fluid power circuit (especially an hy-
draulic circuit) and the energy convertor converts rota-
tional energy in the drive train of the vehicle to fluid pres-
sure in the control circuit. As noted however such a circuit
may include components that are partially actuated elec-
trically or indeed by means of other energy sources.
[0020] Preferably the vehicle includes at least one ro-
tatable shaft rotation of which occurs in proportion to the
speed of the vehicle and/or the energy generated by the
power source, the energy convertor including a hydraulic
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pump that is driven by the rotatable shaft also in propor-
tion to the speed of the vehicle and/or the energy gener-
ated by the power source. Such an arrangement efficient-
ly converts drive energy of the vehicle to control (fluid)
energy in a proportional manner that is consistent with
the speed threshold requirement set out above.

[0021] Conveniently the rotatable shaft includes an ec-
centric (i.e. a circular or otherwise shaped cam or wheel
that rotates on an axle that is displaced from the focus
of the circle described by the wheel, cam, etc.) and the
hydraulic pump includes a piston that is slideably mount-
ed in a fluid-filled convertor cylinder and biassed by a
biasser into contact with the eccentric whereby rotation
of the eccentric causes reciprocation of the piston in the
cylinder and hence pressurising of the fluid therein.
[0022] Such an arrangement efficiently converts rota-
tional energy of e.g. a drive shaft or wheel axle of the
vehicle to fluid pressure, in a proportional manner that
assists in meeting the aims set out above.

[0023] In a preferred embodiment of the invention the
fluid-filled cylinder includes an outlet fluid line including
a one-way check valve via which fluid pressurised in the
cylinder pilots one or more elements of the non-electric
control circuit. This arrangement beneficially assures that
the piloted element(s) of the control circuit are influenced
(piloted) only when the hydraulic pump pressure is pos-
itive, and return strokes of the piston therefore do not
create suction or low pressure in the pilot line.

[0024] Particularly preferably the outlet fluid line in-
cludes a fluid bleed line having, in series, a first flow re-
striction, a one-way check valve and a further flow re-
striction, the fluid bleed line defining a fluid inlet to the
fluid-filled convertor cylinder and further being connected
to a buffer fluid reservoir between the first and further
flow restrictions whereby to accommodate variations in
the pressure of fluid in the outlet fluid line caused by re-
ciprocation of the piston.

[0025] This arrangement in effect smooths fluid pres-
sure peaks that would otherwise result from reciprocation
of a single cylinder pump. Thus the pressure generated
in order to pilot the one or more elements of the control
circuitapproximates, for almost all the travel of the piston,
to an average determined by the degree of restriction
provided by the flow restrictors and the speed of recip-
rocation of the piston. Moreover the arrangement estab-
lishes a pilot pressure threshold that is not met unless
the rate of reciprocation of the piston is high enough.
[0026] Preferably the piston includes secured thereto
aroller that bears against the eccentric whereby to trans-
fer energy from the eccentric to the piston. The optional
roller represents one preferred way, of several, for en-
suring efficient conversion of rotational energy of the ec-
centric to reciprocating motion of the piston.

[0027] The foregoing paragraphs define one form of
energy convertor lying within the scope of the invention.
Other means of converting the energy of the power
source (typically a diesel engine) of the vehicle to control
energy in a proportional manner however also lie within
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the scope of the invention as claimed.

[0028] In preferred embodiments of the invention the
second brake element is connected to a piston that is
slideably received in a fluid-filled brake cylinder, the re-
siliently deformable member acting on the piston and a
fluid pump supplying pressurised fluid to the fluid-filled
brake cylinder via a feed line tending to oppose the action
of the resiliently deformable member. Such an arrange-
ment preferably also includes a fluid release valve in a
fluid drain line connected to the fluid-filled brake cylinder,
the fluid release valve being biassed to a normally open
configuration whereby pressurised fluid drains from the
brake cylinder and being arranged to be piloted by energy
converted by the energy convertor, when the speed of
the vehicle and/or the energy generated by the power
source exceeds the threshold, to a closed configuration
whereby fluid pressure in the brake cylinder opposes the
action of the resiliently deformable member.

[0029] The fluid drain line may with the fluid release
valve be regarded as the primary non electric control el-
ement of the control circuit. Since the normally open (e.g.
spring biassed) release valve is piloted by pressure gen-
erated in the hydraulic pump control of the fluid pressure
applied to act on the second brake element may be ef-
fected non-electrically.

[0030] The drain line may however optionally also in-
clude connected in series with the fluid release valve a
solenoid valve that is biassed to a normally open config-
uration and includes a solenoid actuator that when en-
ergised opposes the bias of the solenoid valve, causing
the solenoid valve to adopt a closed configuration. Such
a refinement permits linking of the non-electric control
circuit and the electrical / electronic control systems that
typically are present in vehicles of the kind to which the
invention pertains. Thus during non-faulty operation the
SAHR brake of the invention may include what in effect
is an electrically activated fail-safe mode, as described
in more detail below.

[0031] In all embodiments of the invention the fluid
drain line optionally may connect to a fluid drain or tank
at an end remote from the brake cylinder. Such a drain
or tank beneficially may serve as a fluid source for further
fluid power components, as is conventional in the fluid
power art.

[0032] The vehicle of the invention also may advanta-
geously include a proportional bypass line connecting
the fluid drain line to the drain or tank via a proportional
control valve actuation of which causes progressively in-
creasing bleeding of pressurised fluid from the brake cyl-
inder thereby progressively causing application of the
SAHR brake. This aspect of the invention permits the
gradual or progressive application of the SAHR brake
under the control of the driver of the vehicle.

[0033] Furtherpreferably the proportional control valve
is a solenoid actuated valve that is biassed to a normally
closed configuration. Thus the electrical / electronic con-
trol components of the vehicle may be used when appro-
priately commanded to activate the SAHR brake in a pro-
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gressive manner, notwithstanding the essentially non-
electric operational mode that is the primary route to ac-
tivation of the SAHR brake.

[0034] The proportional valve optionally may also in-
clude a manually actuated valve that is biassed to a nor-
mally closed configuration. Such a feature may be an
alternative to the solenoid-actuation defined above, or
may be an adjunct to it.

[0035] Conveniently, in a preferred embodiment of the
invention, the vehicle may include a pressure sensor
sensing fluid pressure in the brake cylinder, the pressure
sensor being operatively connected to one or more alarm
devices for notifying of adverse pressure conditions in
the brake cylinder. Such a sensor may be used to provide
alerts as to the operational status of the SAHR brake e.g.
via a vehicle cab display.

[0036] In preferred embodiments of the invention
moreover the proportional control valve may include one
or more ports supplying pressurised fluid to one or more
brakes of a trailer towed by the vehicle. As a result the
ability progressively to apply the SAHR brake may be
simultaneously replicated in the brakes of a braked trail-
er, thereby providing for safe control of a vehicle-trailer
combination.

[0037] There now follows a description of preferred
embodiments of the invention, by way of non-limiting ex-
ample, with reference being made to the accompanying
drawing that shows in schematic form a hydraulic control
circuit of a vehicle in accordance with the invention.
[0038] Inthe drawing figure selected parts of a vehicle,
such as but not limited to those listed above, defining a
SAHR and control arrangement therefor in accordance
with the invention are shown. Thus the major compo-
nents of the vehicle such as the vehicle frame, engine,
transmission, drivetrain, cab and fuelling parts are omit-
ted from the figure for clarity, as are additional features
such as hydraulically powered arms and booms that per-
mit specialised vehicles of the kinds exemplified to carry
out various tasks.

[0039] In Figure 1 these parts of the vehicle that are
not shown in detail are represented schematically by ref-
erence numeral 10.

[0040] A SAHRbrake representedgenerally by numer-
al 11 includes a first brake element 12 in the form (in the
embodiment shown, although it may take other forms in
other embodiments) of a brake disc or drum secured to
the axle of a ground-engaging wheel of the vehicle. The
first brake element 12 therefore is rotatable and rotates
with the wheel with which it is associated, in the conven-
tional manner of brake discs and drums.

[0041] In other embodiments of the invention the first
brake element could be secured to e.g. a drive shaft such
that the SAHR when operative brakes the drive shaft as
opposed to a wheel.

[0042] A second brake element 13 in the form of a
brake pad is moveably, non-rotatably secured to the ve-
hicle 10 e.g. by reason of being mounted on the vehicle
frame or a suspension component.
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[0043] Second brake element 13 is schematicallyillus-
trated as a cup-shaped pad that is shaped to bear against
the first brake element that in the figure is shown as a
circular disc.

[0044] Second brake element 13 includes a piston rod
14 protruding rearwardly from it in a direction away from
first brake element 12.

[0045] Pistonrod 14 passes through asealing aperture
17 in a fluid-tight chamber 16. The nature of the sealing
of the aperture 17 relative to the piston rod 14 is to permit
sliding movement of the piston rod 14 into and out of the
chamber 16 while preventing the egress of hydraulic fluid
in the chamber 16.

[0046] At its end remote from second brake element
13 piston rod 14 terminates in a piston 18 that slidingly
sealingly spans chamber 16 in a manner that is familiar
to those skilled in the hydraulic system art.

[0047] On the rear face of piston 18 opposite piston
rod 14 a resiliently deformable spring 19 is anchored at
one end at the end wall 21 of chamber 16 lying opposite
the aperture 17 and bears against piston 18 as illustrated.
[0048] A hydraulic fluid port 22 allows pressurised hy-
draulic fluid to act as described below on the front face
of piston 18 from which piston rod 14 protrudes. As a
result the piston is moveable between limits defined ap-
proximately by the aperture 17 and end wall 21 under
the influence of hydraulic fluid pressure on the one hand
and the spring 19 on the other. By controlling the fluid
pressure acting in the chamber 16 it is possible to control
the position of the piston with the result that the SAHR
brake 11 as a whole permits the second brake element
13tomove towards and away fromthe first brake element
12 to cause mutual engagement or separation respec-
tively of the brake elements 12, 13.

[0049] The SAHR brake thus includes in the form of
the spring 19 a resiliently deformable member that urges
the first and second brake elements 12, 13 into mutual
engagement; and (as described below) a hydraulic circuit
that may operate to oppose the effect of the spring 19
and maintain separation of the brake elements 12, 13.
[0050] When the elements 12, 13 are mutually en-
gaged braking of the rotation of the wheel or shaft to
which first brake element is secured takes place; and
when they are separated the wheel or shaft is freely ro-
tatable.

[0051] The circuit includes a drain line 23 connected
selectively to permit draining or exhausting of fluid from
inside the chamber 16, whereby in combination with fluid
supplied via port 22 to control the position of the piston
18. The balance of pressure between the port 22 and
drain line 23 determines the position of the piston 18 in
the chamber 16.

[0052] Drainline 23 includes connected in series a fluid
release valve 24 and a solenoid valve 26, and terminates
in a drain or tank 27.

[0053] The fluid release valve 24 in the embodiment
illustrated is a spring-biassed, normally open valve that
is piloted by an energy convertor in the form of a hydraulic
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pump 28 that is described in more detail below.

[0054] The fluid release valve 24 may in accordance
with the invention take a range of forms, but the two-
position, normally open spool valve design schematically
shown in the drawing figures is preferred because of its
suitability for the use expected in the apparatus of the
invention.

[0055] As noted fluid release valve 24 is biased by a
spring 29 to a normally open configuration in which the
passage of fluid from the chamber 16 towards the tank
27 is permitted. When the bias of the spring 29 is over-
come by pilot pressure from hydraulic pump 28 the valve
adopts a closed configuration preventing fluid flow along
drain line 23.

[0056] Port22isfedbyapump 31 thatdraws hydraulic
fluid from drain/tank 27 and pumps it via one-way check
valve 32 at a preferred pressure of about 23 bar to the
port 22. The pump 31 is powered by the energy source,
of the vehicle 10, that as noted typically is a diesel engine.
A pressure in the pumped hydraulic fluid of about 23 bar
is typical in vehicle fluid power circuits, although the in-
vention is not limited to arrangements in which pressures
of this magnitude prevail.

[0057] The effectof closing of valve 24 is that the pump
pressure applied at port 22 develops across the face of
piston 18. This in turn causes the piston 18 to move in a
direction overcoming the bias of spring 19, thereby with-
drawing second brake element 13 out of engagement
with first brake element 12. As a result the first brake
element 12 is free to rotate as a result of the SAHR brake
being in an inoperative condition.

[0058] The hydraulic pump 28 and the release valve
24 constitute the primary control parts of the circuit of the
invention. As explained above, and as described in more
detail below, these parts of the circuit operate under the
influence of fluid pressure and spring biassing such that
no electrical parts are involved in their operation. This in
turn means that the basic forms of activation and deac-
tivation of the SAHR brake are not dependant on correct
functioning of e.g. an electrical or electronic control circuit
associated with the vehicle 10.

[0059] The hydraulic pump 28 includes a rotatable
shaft 33 thatis orincludes an eccentric that in the drawing
figure is represented by laterally offset axis 34. A roller
36 that is rotatably secured in a free end of an elongate
piston 37 bears against eccentric 34.

[0060] Shaft 33 is keyed to or formed integrally with a
shaft of the drive train connected permanently with the
wheels of the vehicle 10 such that the rotational speed
of shaft 33 is proportional to the speed of the vehicle.
References to the speed of the vehicle may relate to ei-
ther forward motion over the ground or reverse motion,
the invention being effective regardless of whether a for-
ward or reverse transmission ratio, forming part of the
drive train of the vehicle, is selected.

[0061] The major part of the length of piston 37 is slide-
ably received within a hollow cylinder 38. The end 37a
of piston 37 that lies remote from roller 36 is spaced from
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the internal end of cylinder 38 by a resiliently deformable
member 39 that in the preferred embodiment of the in-
vention is a spring but could take other forms in other
embodiments.

[0062] The effect of spring 39 is to bias roller 36 into
engagement with eccentric 34. As a consequence rota-
tional motion of the eccentric 34 on shaft 33.causes re-
ciprocating motion of the piston 37 inside cylinder 38.
[0063] The space between end 37a of piston 37 and
the interior end wall of cylinder 38 is filled with hydraulic
fluid, with the result that the cylinder 38 may be regarded
as being fluid-filled. An outlet fluid line 41 permits the flow
of fluid from the inside of cylinder 38 to a pilot port 42 of
valve 24, whereby fluid pressure in fluid outlet line 41
pilots the valve 24.

[0064] The reciprocal motion of the piston 37 results
in cyclical pressurising of fluid in outlet line 41. This is
not ideally suitable for piloting of valve 24 so an optional
bleed line 43 is provided in order to smooth the output of
the hydraulic pump 28.

[0065] Bleed line 43 branches from outlet line 41 and
feeds to an inlet port 44 via which bled hydraulic fluid
returns to the interior of cylinder 38. Bleed line 43 includes
connected in series a first flow restriction 46, a one-way
check valve 47 and a further flow restriction 48; and in
parallel a drain or tank 49 that acts as a fluid buffer.
[0066] An additional one-way check valve 51 is con-
nected in line in fluid outlet line 41 as illustrated.

[0067] The effect of additional one-way check valve 51
is to ensure that hydraulic fluid flows along fluid outlet
line 41 to pilot valve 24 only when the pressure generated
by motion of piston 37 overcomes the seating bias of the
additional check valve 51. Any pressure in excess of that
required to pilot the valve 24 flows via bleed line 43 and
is returned to the cylinder 38 via port 44 unless the cyl-
inder capacity is met, in which case excess fluid feeds
to parallel-connected drain or tank 49. Thus any pressure
peaks that would otherwise develop in outlet line 41 are
smoothed, and overall the pressure in outlet line 41 is
approximately the average developed by piston 37 acting
on fluid in the cylinder 38.

[0068] As a result of this arrangement piloting of valve
24 takes place when the average pressure generated by
the hydraulic pump 28 exceeds a threshold value, and
does not occur when the average pressure is less than
the threshold. Since the pressure generated is propor-
tional to the speed of rotation of the eccentric 34 piloting
of valve 24 occurs in dependence on either the speed of
the vehicle or, at the option of the system designer, the
power output of the diesel engine or other energy source
of the vehicle.

[0069] In this regard the output of the hydraulic pump
28 is proportional to the speed of the vehicle when the
eccentric is secured on a drive shaft or driven axle of the
vehicle; and is proportional to the output of the power
source when secured to e.g. an idler shaft or counterbal-
ance shaft that does not directly contribute to motion of
the vehicle but nonetheless the speed of rotation of which
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is proportional to the engine output.

[0070] In addition to the parts described the drain line
23 includes in the illustrated embodiment of the invention
in series with the release valve 24 an optional solenoid
valve 26.

[0071] Solenoid valve 26 is biased by a further spring
52 to a normally open configuration in which fluid may
feed along drain line 23 to drain/tank 27. A solenoid ac-
tuator 53 operating under the control of commands gen-
erated in e.g. an electronic control system forming part
of the vehicle 10 operates to overcome the bias of the
spring 52.

[0072] The arrangement of solenoid valve 26 is such
that during normal operation of the vehicle 10 the sole-
noid 53 is powered (e.g. but not necessarily by way of a
12v power line) to maintain the valve 26 in its closed
condition. This maintains the drain line 23 closed, regard-
less of whether the release valve 24 also adopts its open
configuration. The result of this is that fluid pressure gen-
erated by pump 31 (which preferably runs continuously)
develops across the face of piston 18 and the SAHR
brake is maintained in its inoperative condition such that
first brake element 12 is free to rotate.

[0073] Inthe eventofthe powertosolenoid 53 reducing
to zero the valve 26 adopts its open configuration as a
result of the bias of spring 52 (which at this time is no
longer opposed by the solenoid 53). If the release valve
24 is in its open configuration pump pressure in chamber
16 then is exhausted via drain line 23 with the result that
spring 19 forces second brake element 13 into braking
engagement with first brake element 12.

[0074] Eventsthatcould resultinthe power to solenoid
53 reducing to zero may include:

- selection of the "park" position of a transmission shift
lever;

- activation of a seat sensor indicating that the vehicle
driver is out of his seat;

- intentional depowering of the vehicle e.g. as signified
by removal of a smart key from an associated port
in the vehicle cab;

- an electrical power failure; or

- activation of a temporary braking command em-
ployed when manoeuvring on an incline (a so-called
"hill holder" braking command).

[0075] Other events also could trigger depowering of
the solenoid 53, as chosen by the vehicle designer. More-
over certain combinations of events could produce sim-
ilar effects. As an example it may be possible to remove
a smart key only after selecting the shift lever park posi-
tion, and the software of the vehicle may command the
solenoid 53 to be depowered only once this sequence is
complete. All such aspects may be adjusted within the
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scope of the invention, typically in dependence on the
programming of a programmable device such as a mi-
croprocessor that forms part of an electronic control sub-
system of the vehicle.

[0076] Additionally or alternatively the software could
include a delay in activation of the SAHR brake via the
solenoid valve 26 when a driver out-of-seat signal is gen-
erated by a seat-mounted sensor. As a consequence a
short-lived exiting (as may occur when the vehicle driver
momentarily stands in the cab to gain a better view of
the ground near the vehicle) would not result in activation
of the SAHR brake whereas exiting of the driver from the
cab, as would result in a signal duration of several sec-
onds, would cause activation.

[0077] Although the solenoid valve 26 is electrically op-
erated it does not form part of the primary control of the
SAHR brake and moreover includes a key control action,
as described, that takes effect in the absence of electrical
power for the solenoid.

[0078] A further optional feature of the invention is pro-
portional bypass line 54 including series-connected pro-
portional control valve 56.

[0079] Proportional bypass line 54 interconnects the
ends of fluid outlet line 23 such as to bypass the valves
24 and 26. Proportional control valve 55 is a spring-bi-
ased, solenoid activated normally closed valve including
a biasing spring 57 and solenoid 58.

[0080] Proportional control valve 56 may be opened
during operation of the vehicle 10 by way or commands
sent to solenoid 58 in order to overcome the biasing effect
of spring 57. Since valve 56 is a proportional valve the
degree of its opening, and hence the extent to which drain
line 23 is bypassed, may be progressively adjusted with
the outcome that commands sent to the solenoid 58 may
cause progressive or gradual application of the SAHR
brake. The SAHR brake may thus optionally be used as
an electrically actuated duty brake without the emergen-
cy and safety-related operational modes described
above being compromised.

[0081] Proportional control valve 56 is also illustrated
as including an optional signal transmission line 59 that
may be connected to the solenoid of a brake valve of a
trailer towed by the vehicle 10 such that the solenoid
command signalis replicated in the trailer brake solenoid.
As a consequence the proportional braking of the trailer
may be matched by braking of the trailer, without any risk
of "over-braking" or "underbraking" of either the vehicle
10 or the trailer.

[0082] Valve 56 additionally may include (or may in-
clude as an alternative to solenoid 58) a proportional
manual control represented in Figure 1 by lever 61. This
permits manual application of the SAHR brake regard-
less of the status of the remainder of the components
described. This is useful e.g. in the event of an electrical
power failure or even failure of the vehicle power source.
[0083] A further optional but desirable feature of the
preferred embodiment of the invention is a pressure sen-
sor 61 that senses fluid pressure in brake cylinder 16.
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This may trigger e.g. a cab alarm in the event of the fluid
pressure exceeding or falling below safety threshold lim-
its.

[0084] Although the configuration of a preferred em-
bodiment of the invention has been described the inven-
tion may take other forms than that shown. In particular
the hydraulic pump 28 may adopt a range of designs;
and indeed non-pump means of converting energy of the
power source to a piloting activation of the release valve
24 may be employed.

[0085] Overall the invention provides a highly versatile
SAHR-based braking system that provides improved
safety compared with prior art arrangements.

[0086] The listing or discussion of an apparently prior-
published document in this specification should not nec-
essarily be taken as an acknowledgement that the doc-
ument is part of the state of the art or is common general
knowledge.

Claims

1. A powered vehicle (10) including a power source for
generating energy to power the vehicle; a spring-
applied hydraulic release (SAHR) vehicle brake (11)
comprising first (12) and second (13) mutually en-
gageable brake elements the first (12) of which is
secured to or forms part of a rotatable element of the
drive train of the vehicle and the second (13) of which
is non-rotatably moveably mounted on the vehicle
(10) such that the first and second elements (12, 13)
are mutually engageable with and separable from
one another, mutual engagement of the brake ele-
ments (12, 13) causing braking of rotation of the ro-
tatable element, the SAHR vehicle brake (11) includ-
ing (i) a resiliently deformable member (19) acting
on the second brake element (13) so as to urge the
first and second brake elements (12, 13) into mutual
engagement and (ii) a non-electric control circuit for
applying pressure to the second brake element (13)
so as to oppose the action of the resiliently deform-
able member (19) and thereby normally maintain the
first and second brake elements (12, 13) separated
from one another, characterised in that the vehicle
includes an energy convertor (28) for generating en-
ergy in the control circuit in proportion to the speed
of the vehicle (10) and/or the energy generated by
the power source, the energy convertor (28) ener-
gising the control circuit while the speed of the vehi-
cle (10) and/or the energy generated by the power
source exceeds a threshold and de energising the
control circuit to permit mutual engagement of the
first and second elements (12, 13) under the influ-
ence of the resiliently deformable member (19) when
the speed of the vehicle (10) and/or the energy gen-
erated by the power source is less than the threshold.

2. Avehicle (10) according to Claim 1 wherein the con-
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trol circuit is a fluid power circuit and wherein the
energy convertor (28) converts rotational energy in
the drive train of the vehicle (10) to fluid pressure in
the control circuit.

A vehicle (10) according to Claim 2 including at least
one rotatable shaft (33) rotation of which occurs in
proportion to the speed of the vehicle (10) and/or the
energy generated by the power source, the energy
convertorincluding a hydraulic pump (28) that is driv-
en by the rotatable shaft (33) also in proportion to
the speed of the vehicle (10) and/or the energy gen-
erated by the power source.

A vehicle (10) according to Claim 3 wherein the ro-
tatable shaft (33) includes an eccentric (34) and
wherein the hydraulic pump (28) includes a piston
(37) that is slideably mounted in a fluid-filled conver-
tor cylinder (38) and biassed by a biasser (39) into
contact with the eccentric (34) whereby rotation of
the eccentric (34) causes reciprocation of the piston
(37) in the cylinder (38) and hence pressurising of
the fluid therein.

A vehicle (10) according to Claim 4 wherein the fluid-
filled cylinder (38) includes an outlet fluid line includ-
ing a one-way check valve (51) via which fluid pres-
surised in the cylinder pilots one or more elements
of the non-electric control circuit.

Avehicle (10) according to Claim 5 wherein the outlet
fluid line includes a fluid bleed line (43) having, in
series, a first flow restriction (46), a one-way check
valve (47) and a further flow restriction (48), the fluid
bleed line (43) defining a fluid inlet to the fluid-filled
convertor cylinder (38) and further being connected
to a buffer fluid reservoir (49) between the first (46)
and further (47) flow restrictions whereby to accom-
modate variations in the pressure of fluid in the outlet
fluid line caused by reciprocation of the piston (37).

A vehicle (10) according to any of Claims 4 to 6
wherein the piston (37) includes secured thereto a
roller (36) that bears against the eccentric (34)
whereby to transfer energy from the eccentric (34)
to the piston (37).

A vehicle (10) according to any preceding claim
wherein the second brake element (13) is connected
to a piston (14) that is slideably received in a fluid-
filled brake cylinder (16), the resiliently deformable
member (19) acting on the piston (14) and a fluid
pump (31) supplying pressurised fluid to the fluid-
filled brake cylinder (16) via a feed line tending to
oppose the action of the resiliently deformable mem-
ber (19).

A vehicle (10) according to Claim 8 including a fluid
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10.

1.

12.

13.

14.

15.

release valve (24) in a fluid drain line (23) connected
to the fluid-filled brake cylinder (16), the fluid release
valve (24) being biassed to a normally open config-
uration whereby pressurised fluid drains from the
brake cylinder (16) and being arranged to be piloted
by energy converted by the energy convertor (28),
when the speed of the vehicle (10) and/or the energy
generated by the power source exceeds the thresh-
old, to a closed configuration whereby fluid pressure
in the brake cylinder (16) opposes the action of the
resiliently deformable member (19).

A vehicle (10) according to Claim 9 wherein the drain
line (23) includes connected in series with the fluid
release valve (24) a solenoid valve (26) that is bi-
assed to a normally open configuration and includes
a solenoid actuator (53) that when energised oppos-
es the bias of the solenoid valve (26), causing the
solenoid valve (26) to adopt a closed configuration.

A vehicle (10) according to Claim 9 or Claim 10
wherein the fluid drain line (23) connects to a fluid
drain or tank (27) at an end remote from the brake
cylinder (16), and wherein the vehicle (10) includes
a proportional bypass line (54) connecting the fluid
drain line (23) to the drain or tank (27) via a propor-
tional control valve (56) actuation of which causes
progressive increasing bleeding of pressurised fluid
from the brake cylinder (16) thereby progressively
causing application of the SAHR brake (11).

A vehicle (10) according to Claim 8 or any preceding
claim depending therefrom including a pressure sen-
sor (61) sensing fluid pressure in the brake cylinder
(16), the pressure sensor being operatively connect-
ed to one or more alarm devices for notifying of ad-
verse pressure conditions in the brake cylinder (16).

Avehicle (10) accordingto Claim 11 orany preceding
claim depending therefrom wherein the proportional
control valve (56) includes one or more ports (59)
for supplying pressurised fluid to one or more brakes
of a trailer towed by the vehicle.

Avehicle (10) according to Claim 10 or any preceding
claim depending therefrom wherein the solenoid
valve (26) and the proportional control valve (56) are
electrically actuated and the vehicle includes one or
more control devices for controlling operation of the
said valves (26, 56).

A vehicle (10) according to Claim 14 wherein one or
more said controllers detects (i) the speed of the ve-
hicle (10) and (ii) whether an operator-commanded
parking braking requirement exists and determines
adjustment of the said valves (26, 56) in dependence
on the detected speed and the existence or absence
of a commanded parking braking requirement.
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